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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING SEMICONDUCTOR
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor device
and a method of manufacturing the same.

2. Description of Related Art

A trench gate structure 1s generally known as a structure
elfective for refinement of a VDMOSFET (Vertical Double
diffused Metal Oxide Semiconductor Field-Effect Transis-
tor).

FIG. 9 1s a schematic sectional view of a conventional
semiconductor device 101 including a trench gate VDMOS-
FET.

This semiconductor device 101 includes an N*-type sub-
strate 102. An N™-type epitaxial layer 103 1s laminated on the
N™-type substrate 102. An N™-type region 104 1s formed on a
base layer portion of the N™-type epitaxial layer 103, while a
P~-type body region 105 1s formed on a surface layer portion
of the N™-type epitaxial layer 103 vertically adjacently to the
N™-type region 104.

A trench 106 1s formed by digging the N™-type epitaxial
layer 103 from the surface thereoi. The trench 106 passes
through the P -type body region 105, so that the deepest
portion thereof reaches the N™-type region 104. Agate elec-
trode 108 made of polysilicon doped with an N-type impurity
in a high concentration 1s buried in the trench 106 through a
gate msulating film 107.

An N™-type source region 109 is formed on a surface layer
portion of the P™-type body region 105 along the trench 106.
A P™-type source contact region 110 1s formed in the N™-type
source region 109 to pass through the N™-type source region
109.

An interlayer dielectric film 111 i1s laminated on the
N~ -type epitaxial layer 103. A source wire 112 1s formed on
the interlayer dielectric film 111. This source wire 112 1s
grounded. The source wire 112 1s 1n contact (electrically
connected) with the N™-type source region 109 and the
P*-type source contact region 110 through a contact hole 113
formed 1n the mterlayer dielectric film 111. A gate wire 114 1s
clectrically connected to the gate electrode 108 through a
contact hole (not shown) formed in the interlayer dielectric
f1lm 111.

A drain electrode 115 1s formed on the back surface of the
N™-type substrate 102.

A current can be flowed between the N*-type source region
109 and the drain electrode 115 by controlling the potential of
the gate electrode 108 while applying a positive voltage of a
proper level to the drain electrode 1135 thereby forming a
channel 1n the vicinity of the interface between the P -type
body region 105 and the gate 1nsulating film 107.

The P™-type body region 105 1s formed by implanting (ions
of) a P-type impurity into the N™-type epitaxial layer 103
from the surface thereof and thereafter drive-in-diffusing the
P-type impurity. Therefore, the P™-type body region 105 has
an extremely low P-type impurity concentration in the vicin-
ity of the interface between the same and the N™-type region
104. Thus, a depletion layer easily extends toward the
N™-type source region 109, and hence the trench 106 must be
deeply formed in order to prevent the so-called punch-
through.

When the trench 106 1s deeply formed, however, crystal
defects resulting from remarkable stress may be caused
around the upper and lower ends of the trench 106.
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2
SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a semicon-
ductor device having a structure capable of improving the
withstand voltage and reducing the depth of a trench and a
method of manufacturing the same.

A semiconductor device of the present invention includes:
a semiconductor layer; a first conductivity type region of a
first conductivity type formed 1n a base layer portion of the
semiconductor layer; a body region of a second conductivity
type formed 1n the semiconductor layer to be in contact with
the first conductivity type region; a trench formed by digging
the semiconductor layer from the surface thereof to pass
through the body region so that the deepest portion thereof
reaches the first conductivity type region; a gate insulating
film formed 1n the bottom surface and the side surface of the
trench; a gate electrode buried 1n the trench through the gate
isulating film; a source region of the first conductivity type
formed 1n a surface layer portion of the semiconductor layer
on a side in a direction orthogonal to the gate width with
respect to the trench to be 1 contact with the body region; and
a high-concentration region of the second conductivity type,
tormed 1n the body region on a position opposed to the trench
in the direction orthogonal to the gate width, having a higher
second conductivity type impurity concentration than that of
the periphery thereof.

According to this structure, the first conductivity type
region 1s formed 1n the base layer portion of the semiconduc-
tor layer, and the body region of the second conductivity type
1s formed 1n contact with the first conductivity type region.
The trench 1n which the gate electrode 1s buried through the
gate msulating film 1s formed by digging the semiconductor
layer from the surface thereof, to pass through the body region
so that the deepest portion thereof reaches the first conduc-
tivity type region. In the surface layer portion of the semicon-
ductor layer, the source region of the first conductivity type 1s
formed on the side 1n the direction orthogonal to the gate
width with respect to the trench. Thus, the semiconductor
device includes a trench gate VDMOSFET formed by the first
conductivity type region as a drain region, the body region,
the source region, the gate insulating film and the gate elec-
trode. In the body region, the high-concentration having a
higher second conductivity type impurity concentration than
that of the perniphery thereof i1s formed on the position
opposed to the trench 1n the direction orthogonal to the gate
width.

The high-concentration region 1s so formed that a depletion
layer can be inhibited from extending toward the source
region, whereby the withstand voltage can be improved. Con-
sequently, the depth of the trench can be reduced. The depth
of the trench 1s so reduced that portions around the upper and
lower ends of the trench can be prevented from application of
remarkable stress, whereby formation of crystal defects
resulting from stress can be prevented. Further, channel resis-
tance can be reduced, whereby on-resistance of the semicon-
ductor device can be reduced.

Preferably, the semiconductor device further includes a
channel implant region containing a first conductivity type
impurity formed in the body region between the trench and
the high-concentration region. When this channel implant
region 1s formed, the threshold voltage can be controlled by
adjusting the quantity of the first conductivity type impurity
contained 1n the channel implant region.

Preferably, the high-concentration region 1s formed adja-
cently to the side surface of the trench.

In the trench gate VDMOSFET, a depletion layer easily
spreads along the sidewall of the trench to cause a punch-
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through between the first conductivity type region and the
source region 1in an oif state when a portion of the body region
around the interface between the same and the gate mnsulating
f1lm, 1.e., a portion of the body region around the side surface
of the trench has a low impurity concentration.

When the high-concentration region 1s formed on the por-
tion (forming a channel) adjacent to the side surface of the
trench as described above, the depletion layer can be inhibited
from spreading along the sidewall of the trench. Therefore,
occurrence of a punch-through between the first conductivity
type region and the source region can be suppressed.

Preferably, the high-concentration region 1s formed under
the source region to be closer to the trench than the center of
the source region in the direction orthogonal to the gate width.
Also according to this structure, the depletion layer can be
inhibited from spreading along the sidewall of the trench.
Therefore, occurrence of a punch-through between the {first
conductivity type region and the source region can be sup-
pressed.

Preferably, a contact region of the second conductivity type
passing through the source region to come 1nto contact with
the body region 1s formed 1n the surface layer portion of the
semiconductor layer, and the high-concentration region 1s
tormed under the contact region.

According to this structure, the contact region of the sec-
ond conductivity type passing through the source region to
come 1nto contact with the body region 1s formed i1n the
surface layer portion of the semiconductor layer. The high-
concentration region 1s formed under this contact region.

Therefore, when a high counter electromotive voltage 1s
applied to the vertical MOSFET formed by the first conduc-
tivity type region, the gate electrode and the source region of
the first conductivity type due to a flyback voltage generated
at a turn-oif time 1n an inductive load, for example, an ava-
lanche current flows from the first conductivity type region to
the contact region through the high-concentration region.
Thus, a parasitic bipolar transistor formed by the first con-
ductivity type region, the body region and the source region
can be prevented from entering an on state, thereby prevent-
ing thermal breakdown (avalanche breakdown) resulting
from the on state of the parasitic bipolar transistor. Conse-
quently, the avalanche resistance can be improved.

Preferably, half of the high-concentration region farther
trom the trench 1n the direction orthogonal to the gate width 1s
arranged under the contact region.

Also according to this structure, an avalanche current tlows
from the first conductivity type region to the contact region
through the high-concentration region when a high counter
clectromotive voltage 1s applied to the vertical MOSFET
tformed by the first conductivity type region, the gate elec-
trode and the source region of the first conductivity type due
to a flyback voltage generated at a turn-ofl time 1n an induc-
tive load, for example. Thus, the parasitic bipolar transistor
formed by the first conductivity type region, the body region
and the source region can be prevented from entering an on
state, thereby preventing thermal breakdown (avalanche
breakdown) resulting from the on state of the parasitic bipolar
transistor. Consequently, the avalanche resistance can be
improved.

The high-concentration region may be formed 1n the same
width as the contact region 1n the direction orthogonal to the
gate width, and may be entirely arranged under the contact
region.

A method of manufacturing a semiconductor device of the
present invention includes: a trench forming step of forming,
a trench by digging a semiconductor layer of a first conduc-
tivity type from the surface thereof; a first implantation step of
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4

implanting an impurity of a second conductivity type mto the
semiconductor layer from the side surface of the trench at an
implantation angle inclined with respect to the surface of the
semiconductor layer; a second implantation step of implant-
ing an impurity ol the second conductivity type into the
semiconductor layer from the surface of the semiconductor
layer; a step of forming a body region of the second conduc-
tivity type on a side portion of the trench while forming a
high-concentration region of the second conductivity type
having a higher second conductivity type impurity concen-
tration than that of the periphery thereof 1n a position of the
body region opposed to the trench 1n the width direction of the
trench by heat-treating the semiconductor layer and diffusing
the impurities implanted 1n the first implantation step and the
second 1mplantation step; a third implantation step of
implanting an impurity of the first conductivity type into the
periphery of the trench from the surface of the semiconductor
layer for forming a source region of the first conductivity type
in contact with the body region; a fourth implantation step of
implanting an impurity of the second conductivity type into
the source region from the surface of the semiconductor layer
for forming a contact region of the second conductivity type
passing through the source region to come nto contact with
the body region; a step of forming a gate insulating film on the
bottom surface and the side surface of the trench; and a step of
burying a gate electrode 1n the trench through the gate 1nsu-
lating film.

According to this method, the impurity of the second con-
ductivity type 1s implanted into the semiconductor layer from
the side surface of the trench at the implantation angle
inclined with respect to the surface of the semiconductor
layer. Therefore, the high-concentration region can be formed
in the position of the body region opposed to the trench in the
direction orthogonal to the gate width. Consequently, a semi-
conductor device capable of improving the withstand voltage
and reducing the depth of the trench can be provided.

Preferably, the impurity of the second conductivity type 1s
implanted at an implantation angle of not less than 18° with
respect to the surface of the semiconductor layer 1n the first
implantation step. Thus, the high-concentration region can be
formed on a portion adjacent to the side surface of the trench.
Consequently, a semiconductor device capable of suppress-
ing occurrence ol a punch-through between the first conduc-
tivity type region and the source region can be provided.
Further, the high-concentration region can be formed under
the portion where the contact region 1s formed, and a semi-
conductor device capable of improving avalanche resistance
can be provided 1n this case.

Preferably, the impurity of the second conductivity type 1s
implanted into the side surface of the trench and a portion
adjacent to the side surface in the first implantation step.

Even if the impurity of the second conductivity type con-
tained 1n the side surface of the trench or the portion adjacent
to the side surface 1s drawn 1nto the gate insulating film when
the impurity of the second conductivity type 1s diffused, the
second conductivity type impurity concentration around the
side surface can be kept generally identical to the second
conductivity type impurity concentration of at least the
periphery (excluding the high-concentration region) thereof
according to this method. Further, the high-concentration
region can be formed on the portion adjacent to the side
surface. Consequently, a semiconductor device capable of
suppressing occurrence of a punch-through can be provided.

Preferably, the impurity of the second conductivity type 1s
implanted while increasing the acceleration thereot stepwise
in the first implantation step. Thus, the impurity can be
implanted into a plurality of positions having different dis-
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tances from the trench 1n the direction orthogonal to the gate
width. Consequently, the width of the high-concentration
region 1n this direction can be increased to be 1dentical to the
width of the contact region 1n this direction, for example.
The foregoing and other objects, features and effects of the
present invention will become more apparent from the fol-

lowing detailed description of the preferred embodiments
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic sectional view of a semiconductor
device according to a first embodiment of the present imnven-
tion.

FIGS. 2A to 2L are schematic sectional views successively
showing the steps of manufacturing the semiconductor device
shown 1n FIG. 1.

FIG. 3 1s a schematic sectional view of a semiconductor
device according to a second embodiment of the present
invention.

FIGS. 4A to 4K are schematic sectional views successively
showing the steps of manufacturing the semiconductor device
shown 1n FIG. 3.

FIG. 5 1s a schematic sectional view of a semiconductor
device according to a third embodiment of the present inven-
tion.

FIGS. 6 A to 6K are schematic sectional views successively
showing the steps of manufacturing the semiconductor device
shown 1n FIG. 5.

FIG. 7 1s a sectional view showing a modification of the
semiconductor device according to the third embodiment.

FIG. 8 1s a schematic sectional view showing a step of
manufacturing the semiconductor device shown 1n FIG. 7.

FIG. 9 1s a schematic sectional view of a conventional
semiconductor device including a trench gate VDMOSFET.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a schematic sectional view of a semiconductor
device 1 according to a first embodiment of the present mnven-
tion.

The semiconductor device 1 has an array structure formed
by arranging unit cells having trench gate VDMOSFETS 1n
the form of a matrix.

An N™-type epitaxial layer 3 as a semiconductor layer
made of silicon doped with an N-type impurity 1n a lower
concentration (10'°/cm’, for example) than that of an N*-type
substrate 2 is laminated on the N™-type substrate 2 forming
the base of the semiconductor device 1. A base layer portion
of the epitaxial layer 3 maintains the epitaxially grown state,
and forms an N™-type region 4 as a first conductivity type
region. In the epitaxial layer 3, a P~ -type body region 5 1s
formed on the N™-type region 4 to be 1n contact with the
N™-type region 4.

A trench 6 1s formed 1n the epitaxial layer 3 by digging the
surface thereof. The trench 6 passes through the body region
5, so that the deepest region thereot reaches the N™-type
region 4. A plurality of such trenches 6 are formed at constant
intervals 1n the horizontal direction in FIG. 1, and extend 1n a
direction (along the gate width) orthogonal to the plane of
FIG. 1 respectively. A gate insulating film 7 1s formed 1n each
trench 6, to cover the overall inner surface thereof. A gate
clectrode 8 1s buried in the trench 6 by filling up the 1inner side
of the gate isulating film 7 with polysilicon doped with an
N-type impurity 1 a high concentration.

In a surface layer portion of the epitaxial layer 3, N*-type
source regions 9 each having a higher N-type impurity con-
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centration (10"”/cm>, for example) than that of the N™-type
region 4 are formed on both sides of the trench 6 1n the
direction (horizontal direction in FIG. 1) orthogonal to the
gate width. Each source region 9 extends along the trench 6 1n
the direction along the gate width, so that the bottom portion
thereof is in contact with the body region 5. A P*-type source
contact region 10 1s formed at the center of the source region
9 1n the direction orthogonal to the gate width, to pass through
the source region 9.

Such trenches 6 and source regions 9 are alternately pro-
vided in the direction orthogonal to the gate width, and extend
in the direction along the gate width respectively. On each
source region 9, the boundary between unit cells adjacent to
cach other in the direction orthogonal to the gate width 1s set
along the source region 9. At least one or more source contact
regions 10 are provided over each pair of unit cells adjacent to
cach other 1n the direction orthogonal to the gate width. The
boundary between the unit cells adjacent to each other in the
direction orthogonal to the gate width 1s so set that the gate
clectrode 8 included 1n each unit cell has a constant gate
width.

In the body region 3 of each unit cell, a high-concentration
region 11 having a higher P-type impurity concentration than
that of the periphery thereot 1s formed on a position opposed
to the trench 6 at an interval in the direction orthogonal to the
gate width. The upper end portion of the high-concentration
region 11 1s arranged 1n the vicinity of the boundary between
the source region 9 and the source contact region 10, while the
lower end portion thereof i1s arranged in the vicinity of the
N~ -type region 4.

In the body region 5 of each unit cell, further, a channel
implant region 12 properly doped with an N-type impurity 1s
formed between the trench 6 and the high-concentration
region 11.

An mterlayer dielectric film 13 i1s laminated on the epi-
taxial layer 3. A source wire 14 1s formed on the interlayer
dielectric film 13. This source wire 14 1s grounded. The
source wire 14 1s 1in contact (electrically connected) with the
source region 9 and the source contact region 10 through a
contact hole 15 formed 1n the interlayer dielectric film 13. A
gate wire 16 1s electrically connected to the gate electrode 8
through a contact hole (not shown) formed in the interlayer
dielectric film 13.

A drain electrode 17 1s formed on the back surface of the
N™-type substrate 2.

A current can be flowed between the source region 9 and
the drain electrode 17 by controlling the potential of the gate
clectrode 8 while applying a positive voltage of a proper level
to the drain electrode 17 thereby forming a channel 1n the
vicinity of the interface between the body region 5 and the
gate msulating film 7.

In the body region 3, the high-concentration region 11
having a higher P-type impurity concentration than that of the
periphery thereof 1s formed on the position opposed to the
trench 6 1n the direction orthogonal to the gate width. Due to
the formation of this high-concentration region 11, a deple-
tion layer can be inhibited from extending toward the source
region 9. Consequently, the depth of the trench 6 can be
reduced. The depth of the trench 6 1s so reduced that portions
around the upper and lower ends of the trench 6 can be
prevented from application of remarkable stress, whereby
formation of crystal defects resulting from stress can be pre-
vented.

In this semiconductor device 1, the channel implant region
12 properly doped with the N-type impurity i1s formed
between the trench 6 and the high-concentration region 11.
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The threshold voltage can be controlled by adjusting the
quantity of the N-type impurity contained in the channel
implant region 12.

FIGS. 2A to 2L are schematic sectional views successively
showing the steps of manufacturing the semiconductor device

1.

First, the epitaxial layer 3 is formed on the N*-type sub-
strate 2 by epitaxy, as shown in FIG. 2A. Then, a sacrificial
oxide film 21 made of S10, (silicon oxide) 1s formed on the
surtace of the epitaxial layer 3 by thermal oxidation. There-
alter an SiN (silicon nitride) layer 1s formed on the sacrificial

oxide film 21 by P-CVD (Plasma Chemical Vapor Deposi-

tion) or LP-CVD (Low Pressure Chemical Vapor Deposition)
and so patterned as to form a hard mask 22 having an opening
in a portion opposed to the portion for forming the trench 6.
Then, the trench 6 1s formed by etching the sacrificial oxide
film 21 and the epitaxial layer 3 through the hard mask 22
(trench forming step).

Then, thermal oxidation 1s performed while leaving the
hard mask 22 on the sacrificial oxide film 21 thereby forming,
a sacrificial oxide film 23 made o1 S10,, on the inner surface of
the trench 6, as shown 1n FIG. 2B.

Thereafter 1ons of a P-type impurity (boron, for example)
are obliquely implanted into the trench 6 from both sides
orthogonal to the gate width, as shown in FIG. 2C (first
implantation step). In other words, the 1ons of the P-type
impurity are obliquely implanted mnto the epitaxial layer 3
through both side surfaces of the sacrificial oxide film 23
opposed to each other in the direction orthogonal to the gate
width. When the width of the trench 6 in the direction
orthogonal to the gate width 1s 0.5 um, the depth of the trench
6 1s 1.0 um and the thickness of the hard mask 22 1s 0.5 um, for

example, the 1ons of the P-type impurity can be excellently
implanted into an inner portion (portion for forming the high-
concentration region 11) of the epitaxial layer 3 only through
both side surfaces of the sacrificial oxide film 23 opposed to
cach other 1n the direction orthogonal to the gate width by
performing oblique implantation at an inclination angle (1m-
plantation angle) of not less than 18° with respect to the
direction orthogonal to the surface of the hard mask 22. The

upper end portion of the high-concentration region 11 1s
arranged 1n the vicinity of the boundary between the source
region 9 and the source contact region 10, while the lower end
portion thereof 1s arranged 1n the vicinity of the N™-type
region 4. The dose at this point is 10'* to 10'°/cm?, for
example.

Then, 10ns of an N-type impurity are obliquely implanted
into another inner portion (portion for forming the channel
implant region 12) of the epitaxial layer 3 through both side
surfaces of the sacrificial oxide film 23 opposed to each other
in the direction orthogonal to the gate width, as shown 1n FIG.
2D. The dose at this point is 1oll to 10"°/cm?, for example.

After the oblique implantation of the 1ons of the N-type
impurity, the hard mask 22 1s removed, as shown 1n FIG. 2E.
Further, the sacrificial oxide films 21 and 23 are removed.
Thus, the surface of the epitaxial layer 3 1s exposed.

Thereafter an oxide film 24 made of S10, 1s formed on the
overall surface of the epitaxial layer 3 including the inner
surface of the trench 6 by thermal oxidation, as shown in FIG.
2F.

Then, a deposition layer of polysilicon doped with an
N-type impurity in a high concentration i1s formed on the
oxide film 24 by CVD. The trench 6 1s filled up with the
deposition layer of polysilicon. Then, portions of the deposi-
tion layer of polysilicon present outside the trench 6 are
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removed by etching. Thus, the gate electrode 8 buried 1n the
trench 6 1s obtained as shown 1 FIG. 2G (step of burying a
gate electrode).

Thereatter 1ons of a P-type impurity are implanted 1nto the
epitaxial layer 3 from the surface of the oxide film 24, as
shown 1n FIG. 2H (second implantation step).

Then, drive-in diffusion 1s performed. The 1ons of the
N-type and P-type impurities implanted into the epitaxial
layer 3 in the atorementioned steps are diffused due to this
drive-in diffusion, whereby the body region 5, the high-con-
centration region 11 and the channel implant region 12 are
formed 1n the epitaxial layer 3, as shown 1n FIG. 21 (step of
forming a body region and a high-concentration region).

After the drive-in diffusion, amask 235 having an opening 1n

a portion opposed to the portion for forming the source region
0 i1s formed on the oxide film 24, as shown 1n FIG. 2J. Then,
ions of an N-type impurity are implanted into the surface
layer portion of the epitaxial layer 3 through the opening of
the mask 25 (third implantation step). After this 1on 1mplan-
tation, the mask 25 1s removed.

Then, amask 26 having an opening in a portion opposed to
the portion for forming the source contact region 10 1s formed
on the oxide film 24, as shown 1n FIG. 2K. Then, 1ons of a
P-type impurity are implanted into the surface layer portion of
the epitaxial layer 3 through the opening of the mask 26
(fourth implantation step). After this 10on implantation, the
mask 26 1s removed.

Thereafter annealing i1s performed. The 10ns of the N-type
and P-type impurities implanted into the surface layer portion
of the epitaxial layer 3 are activated due to this annealing,
whereby the source region 9 and the source contact region 10
are formed 1n the surface layer portion of the epitaxial layer 3,
as shown 1n FIG. 2L.

After the aforementioned steps, portions of the oxide film
24 present outside the trench 6 are removed so that the oxide
film 24 1s left only on the inner surface of the trench 6,
whereby the gate insulating film 7 1s obtained (step of forming
a gate insulating film). Thereatter the interlayer dielectric film
13 1s formed on the epitaxial layer 3 by CVD. After the
contact hole 15 1s formed 1n the interlayer dielectric film 13 by
etching, the source wire 14, the gate wire 16 and the drain
clectrode 17 are so formed as to obtain the semiconductor
device 1 shown in FIG. 1.

FIG. 3 1s a schematic sectional view of a semiconductor
device 31 according to a second embodiment of the present
invention. Referring to FIG. 3, portions corresponding to
those shown 1 FIG. 1 are denoted by the same reference
numerals. In the following, redundant description 1s omitted
as to the portions denoted by the same reference numerals.

In the semiconductor device 31 shown in FIG. 3, high-
concentration regions 11 are formed adjacently to a pair of
side surfaces 30 of a trench 6 opposed to each other in the
direction orthogonal to the gate width. More specifically,
cach high-concentration region 11 1s formed under a source
region 9, to be closer to the trench 6 than the center of the
source region 9 in the direction orthogonal to the gate width.

The remaining structure and the operation of the semicon-
ductor device 31 are similar to those of the alorementioned
semiconductor device 1 according to the first embodiment. In
other words, a current can be flowed between the source
region 9 and a drain electrode 17 by controlling the potential
of a gate electrode 8 while applying a positive voltage (drain
voltage) of a proper level to the drain electrode 17 thereby
forming a channel 1n the vicinity of the interface between a
body region 3 and a gate insulating film 7, 1.e., a portion of the
body region 5 adjacent to the side surface 30 of the trench 6.
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In this semiconductor device 31, the high-concentration
region 11 having a higher P-type impurity concentration than
the periphery thereot 1s formed on the portion adjacent to the
side surtace 30 of the trench 6, whereby a depletion layer can
be inhibited from spreading along the sidewall of the trench 6.
Therefore, occurrence of a punch-through between an
N™-type region 4 and the source region 9 can be suppressed.

FIGS. 4A to 4K are schematic sectional views successively
showing the steps of manufacturing the semiconductor device
31.

First, an epitaxial layer 3 1s formed on an N™-type substrate
2 and so etched as to form the trench 6 through a step similar
to that shown in FIG. 2A, as shown i FIG. 4A (trench
forming step).

Then, a sacrificial oxide film 23 made o1 S10,, 1s formed on
the 1nner surface of the trench 6 through a step similar to that
shown 1n FIG. 2B, as shown 1n FIG. 4B.

Thereafter 1ons of a P-type impurity (boron, for example)
are obliquely implanted into the trench 6 from both sides
orthogonal to the gate width, as shown in FIG. 4C (first
implantation step). When the width of the trench 6 1n the
direction orthogonal to the gate width 1s 0.5 um, the depth of
the trench 6 1s 1.0 um and the thickness of a hard mask 22 1s
0.5 um, for example, the ions of the P-type impurity are
obliquely implanted at an inclination angle (1mplantation
angle) of not less than 18° with respect to the direction
orthogonal to the surface of the hard mask 22. Thus, the
P-type impurity can be implanted into the side surface 30 of
the trench 6 and the portion adjacent to the side surface 30.
The dose at this point is 10'* to 10**/cm?, for example.

Then, the hard mask 22 and sacrificial oxide films 21 and
23 are removed, as shown 1n FIG. 4D. Thus, the surface of the
epitaxial layer 3 1s exposed.

Thereafter an oxide film 24 made of S10, 1s formed on the
overall surface of the epitaxial layer 3 including the 1nner
surface of the trench 6 by thermal oxidation, as shown in FIG.
4E.

Then, a deposition layer of polysilicon doped with an
N-type impurity in a high concentration i1s formed on the
oxide film 24 by CVD. The trench 6 is filled up with the
deposition layer of polysilicon. Then, portions of the deposi-
tion layer of polysilicon present outside the trench 6 are
removed by etching. Thus, the gate electrode 8 buried 1n the
trench 6 1s obtained as shown 1n FIG. 4F (step of burying a
gate electrode).

Thereafter 10ons of a P-type impurity are implanted into the
epitaxial layer 3 from the surface of the oxide film 24, as
shown in FIG. 4G (second implantation step ). At this time, the
P-type impurity 1s implanted into the side surface 30 of the
trench 6 and the region adjacent to the side surface 30 1n a
dose of 10"* to 10"°/cm?, for example.

Then, drive-in diffusion 1s performed. The 1ons of the
P-type impurity implanted into the epitaxial layer 3 in the
alforementioned step are diffused due to this drive-in difiu-
sion. Thus, the body region 5 and the high-concentration
region 11 are formed 1n the epitaxial layer 3, as shown 1n FIG.
4H (step of forming a body region and a high-concentration
region).

After the drive-1n diffusion, a mask 25 having an opening in
a portion opposed to the portion for forming the source region
0 1s formed on the oxide film 24, as shown 1n FIG. 41. Then,
ions of an N-type impurity are implanted into a surface layer
portion of the epitaxial layer 3 through the opening of the
mask 25 (third implantation step). After this 1on implantation,
the mask 25 1s removed.

Then, amask 26 having an opening in a portion opposed to
a portion for forming a source contact region 10 1s formed on
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the oxide film 24, as shown 1n FIG. 4]. Then, 1ons of a P-type
impurity are implanted into the surface layer portion of the
epitaxial layer 3 through the opening of the mask 26 (fourth
implantation step). After this 1on implantation, the mask 26 1s
removed.

Thereafter annealing 1s performed. The source region 9 and
the source contact region 10 are formed 1n the surface layer
portion of the epitaxial layer 3 due to this annealing, as shown
in FIG. 4K.

After the aforementioned steps, portions of the oxide film
24 present outside the trench 6 are removed so that the oxide
film 24 1s left only on the inner surface of the trench 6,
whereby the gate insulating film 7 1s obtained (step of forming
a gate msulating film). Thereaiter an interlayer dielectric film
13 1s formed on the epitaxial layer 3 by CVD. After a contact
hole 15 1s formed 1n the interlayer dielectric film 13 by etch-
ing, a source wire 14, a gate wire 16 and the drain electrode 17
are so formed as to obtain the semiconductor device 31 shown
in FIG. 3.

In the aforementioned method, the P-type impurity 1s
implanted into the side surface 30 of the trench 6 and the
region adjacent to the side surface 30 in the step shown in FI1G.
4C.

Even 11 the P-type impurity contained 1n the side surface 30
of the trench 6 or the portion adjacent to the side surface 30 1s
drawn into the oxide film 24 1n the drive-1n diffusion shown 1n
FIG. 4H or a heat treatment step (such as the annealing step
shown 1n FIG. 4K, for example) after this step, therefore, the
P-type impurity concentration around the side surface 30 can
be kept generally 1dentical to the P-type impurity concentra-
tion of at least the periphery (excluding the high-concentra-
tion region 11) thereof. Further, the high-concentration
region 11 can be formed on the portion adjacent to the side
surface 30. Consequently, a semiconductor device capable of
suppressing occurrence ol a punch-through between the
N~ -type region 4 and the source region 9 can be provided.

FIG. 5 1s a schematic sectional view of a semiconductor
device 41 according to a third embodiment of the present
invention. Referring to FIG. 5, portions corresponding to
those shown 1n FIG. 1 are denoted by the same reference
numerals. In the following, redundant description 1s omitted
as to the portions denoted by the same reference numerals.

In the semiconductor device 41 shown 1n FIG. 5, no chan-
nel implant region 12 1s formed between a trench 6 and a
high-concentration region 11, while the upper end portion of
the high-concentration region 11 1s arranged 1n the vicinity of
the boundary between a source region 9 and a source contact
region 10 and the lower end portion thereot 1s arranged 1n the
vicinity of an N™-type region 4, similarly to the first embodi-
ment. Thus, half of the high-concentration region 11 farther
from the trench 6 in the direction orthogonal to the gate width
1s arranged under the source contact region 10.

The remaining structure and the operation of the semicon-
ductor device 41 are similar to those of the aforementioned
semiconductor device 1 according to the first embodiment. In
other words, a current can be flowed between the source
region 9 and a drain electrode 17 by controlling the potential
ol a gate electrode 8 while applying a positive voltage (drain
voltage) of a proper level to the drain electrode 17 thereby
forming a channel 1n the vicinity of the interface between a
body region 5 and a gate insulating film 7.

Thus, the high-concentration region 11 1s partially
arranged under the source contact region 10 1n the semicon-
ductor device 41.

Therefore, when a high counter electromotive voltage 1s
applied to a trench gate MOSFET formed by the N™-type
region 4, the gate electrode 8 and the source region 9 of an
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N™-type due to a flyback voltage at a turn-off time in an
inductive load, for example, an avalanche current flows from
the N™-type region 4 to the source contact region 10 through
the high-concentration region 11. Thus, a parasitic blpolar
transistor formed by the N™-type region 4, the body region 5
and the source region 9 can be prevented from entering an on
state, thereby preventing thermal breakdown (avalanche
breakdown) resulting from the on state of the parasitic bipolar
transistor. Consequently, the avalanche resistance can be
improved.

FIGS. 6 A to 6K are schematic sectional views successively
showing the steps of manufacturing the semiconductor device
41.

First, an epitaxial layer 3 1s formed on an N™-type substrate
2 and so etched as to form the trench 6 through a step similar
to that shown in FIG. 2A, as shown i FIG. 6A (trench
forming step).

Then, a sacrificial oxide film 23 made of S10, 1s formed on
the mner surface of the trench 6 through a step similar to that
shown 1n FIG. 2B, as shown 1n FIG. 6B.

Then, 10ons of a P-type impurity (boron, for example) are
obliquely 1mplanted into the trench 6 from both sides
orthogonal to the gate width through a step similar to that
shown 1 FIG. 2C, as shown in FIG. 6C (first implantation
step).

Thereafter steps similar to those shown i FIGS. 2E to 2L
are carried out as shown 1n FIGS. 6D to 6K without the step of
1mplant1ng the N-type impurity 10ns 1nto the epitaxial layer 3
shown in FIG. 2D, whereby the semiconductor device 41
shown 1 FIG. 5 1s obtained. In order to form the high-
concentration region 11 under the source contact region 10,
the P-type impurity may be obliquely implanted at an incli-
nation angle (implantation angle) of not less than 18° with
respect to a direction orthogonal to the surface of a hard mask
22 1n the step shown 1n FIG. 6C, when the width of the trench
6 in the direction orthogonal to the gate width 1s 0.5 um, the
depth of the trench 6 1s 1.0 um and the thickness of the hard
mask 22 1s 0.5 um, for example.

While a plurality of embodiments of the present invention
have been described, the present invention may be embodied
in other ways.

For example, the conductivity types of the respective semi-
conductor portions of the semiconductor device 1 may be
reversed. In other words, the P-type portions may be con-
verted to N-type portions and vice versa in the semiconductor
device 1.

The high-concentration region 11 of the semiconductor
device 41 according to the third embodiment may have a
larger width 1n the direction orthogonal to the gate width as
shown 1n FI1G. 7, for example. More specifically, the width of
the high-concentration region 11 may be generally 1dentical
to the width of the source contact region 10 1n this direction.
The high-concentration region 11 may be partially arranged
under the source contact region 10, or may be entirely
arranged under the source contact region 10 as shown 1n FIG.
7.

In order to form the aforementioned high-concentration
region 11 having a larger width, the acceleration of the
implanted P-type impurity 1ons 1s increased stepwise 1n the
step shown 1n FIG. 6C, for example. Thus, the width of the
ion-implanted region in the direction orthogonal to the gate
width may be increased by implanting the 10ns 1nto a plurality
of positions having different distances from the trench 6 1n
this direction, as shown 1n FIG. 8.

While the present invention has been described 1n detail by
way ol the embodiments thereot, 1t should be understood that
these embodiments are merely illustrative of the techmical
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principles of the present ivention but not limitative of the
invention. The spirit ad scope of the present invention are to
be limited only by the appended claims.

This application corresponds to Japanese Patent Applica-
tions Nos. 2007-209808 and 2008-125139 filed 1n the Japa-

nese Patent Office on Aug. 10, 2007 and May 12, 2008, the
disclosures of which are incorporated herein by reference 1n

its entirety.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor layer;

a first conductivity type region of a first conductivity type
disposed 1n a base layer portion of the semiconductor
layer;

a body region of a second conductivity type disposed 1n the
semiconductor layer so as to be 1n contact with the first
conductivity type region;

a trench extending from a surface of the semiconductor
layer to pass through the body region so that a deepest
portion of the trench reaches the first conductivity type
region;

a gate msulating film disposed on a bottom surface and a
side surface of the trench;

a gate electrode having a gate width, and disposed 1n the
trench on the gate insulating film;

a source region of the first conductivity type disposed on a
side of the trench 1n a surface layer portion of the semi-
conductor layer so as to be i contact with the body
region;

a high-concentration region of the second conductivity
type disposed 1n the body region at a position opposed to
the trench and having a higher second conductivity type
impurity concentration than that of the body region; and

a channel implant region, containing a first conductivity
type impurity, disposed 1n the body region between the
trench and the high-concentration region.

2. The semiconductor device according to claim 1, wherein
the high-concentration region 1s disposed adjacent to the side
surface of the trench.

3. The semiconductor device according to claim 1, wherein
the high-concentration region 1s disposed under the source
region, the high concentration region being closer than the
center ol the source region to the trench as measured 1n a
direction orthogonal to the gate width.

4. The semiconductor device according to claim 1, wherein
a contact region of the second conductivity type passing
through the source region to come 1nto contact with the body
region 1s disposed 1n the surface layer portion of the semicon-
ductor layer, and the high-concentration region 1s disposed
under the contact region.

5. The semiconductor device according to claim 1, wherein
the shallowest portion 1s at the surface of the semiconductor
layer.

6. The semiconductor device according to claim 1, wherein
the trench has opposing sides that continuously converge
towards each other from the shallowest portion to the deepest
portion.

7. The semiconductor device according to claim 1, wherein
the deepest portion of the trench has a width that 1s narrower
than a width of a shallowest portion of the trench.

8. The semiconductor device according to claim 2, wherein
a contact region of the second conductivity type passing
through the source region to come 1nto contact with the body
region 1s disposed 1n the surface layer portion of the semicon-
ductor layer, and the high-concentration region 1s disposed
under the contact region.
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9. The semiconductor device according to claim 4, wherein
a half of the high-concentration region that 1s farther from the
trench than 1s the other half of the high-concentration region
as measured 1n a direction orthogonal to the gate width, 1s

arranged under the contact region.
10. The semiconductor device according to claim 4,

wherein as measured 1n a direction orthogonal to the gate
width, the high-concentration region has a width, which 1s the
same as a width of the contact region, and 1s entirely arranged

under the contact region.
11. The semiconductor device according to claim 8,

wherein a half of the high-concentration region that 1s farther

10
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from the trench than 1s the other halt of the high-concentration
region as measured 1n a direction orthogonal to the gate width,

1s arranged under the contact region.

12. The semiconductor device according to claim 8,
wherein as measured 1n a direction orthogonal to the gate

width, the high-concentration region has a width, which 1s the
same as a width of the contact region, and 1s entirely arranged

under the contact region.
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